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Abstract Over the years, vertical handover necessity esti-
mation has attracted the interest of numerous researchers.
Despite the attractive benefits of integrating different wire-
less platforms, mobile users are confronted with the issue
of detrimental handover. This paper used extensive geomet-
ric and probability analysis in modelling the coverage area
of a WLAN cell. Thus, presents a realistic and novel model
with an attempt to minimize unnecessary handover and han-
dover failure of a mobile node (MN) traversing the WLAN
cell from a third generation (3G) network. The dwell time is
estimated along with the threshold values to ensure an opti-
mal handover decision by the MN, while the probability of
unnecessary handover and handover failure are kept within
tolerable bounds. Monte-Carlo simulations were carried out
to show the behaviour of the proposed model. Results were
validated by comparing this model with existing models for
unnecessary handover minimization.
Keywords Vertical handover necessity estimation ·
Unnecessary handover · Handover failure · Monte-Carlo ·
Dwell time ·WLAN · 3G
1 Introduction
With rapid growth in the use of the Internet and wireless ser-
vices, the challenge to support generalized mobility and pro-
vision of ubiquitous services to users while integrating di-
B. Omoniwa
COMSATS Institute of Information Technology, Park Road, Islam-
abad, Pakistan &
National Mathematical Centre, Abuja, Nigeria.
E-mail: tunjiomoniwa@gmail.com
R. Hussain
COMSATS Institute of Information Technology, Park Road, Islam-
abad, Pakistan
Tel.: +92-33-35638665 E-mail: rhussain@comsats.edu.pk
verse access technologies (GSM, 3G, 4G, WLAN, WiMAX
and Bluetooth), has attracted research attention. Due to in-
creased demand for mobile data, users now require access
networks that use multiple layers (macro as well as micro
cells), and multiple technologies to meet growing needs. As
a mobile node (MN) moves within a heterogenous environ-
ment, satisfactory quality of service (QoS) is desired by en-
suring efficient vertical handover.
Vertical handover can be defined as when an MN moves
from one access network to another type of access network
while maintaining the live call or session. In contrast to hor-
izontal handovers, vertical handovers can be instigated for
convenience rather than connectivity purposes [6]. As such,
the choice to perform vertical handover may depend on fac-
tors such as available bandwidth, received signal strength
(RSS), access cost, dwell time, security, speed, etc. [1,2,
3,4,5,6]. For optimal decision making, it is imperative to
weigh the benefits against the detriments before initiating a
vertical handover. Related works on vertical handover can
be grouped into Three types [5], the RSS-based, Cost-based
and Other related works which are briefly described.
RSS-based related works: Several RSS-based handover al-
gorithms have been developed for wireless communica-
tions. A novel algorithm was developed using the con-
cept of dynamic boundary area to support seamless ver-
tical handover between the 3G and WLAN in [4]. A trav-
eling distance prediction based handover decision method
[2], dwell time prediction model [3] and a linear approx-
imation of the travelled distance [1] were proposed to
minimize the probability of unnecessary handover. How-
ever, the geometric models considered were not of a re-
alistic coverage cell shape.
Cost-based related works: Handover cost is a function of
the available bandwidth, security, power consumption
and the monetary cost [11]. As the need for voice and
video services rise, available bandwidth, power consump-
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tion, security, etc., will be the major factors to indicate
network conditions and determination of triggering the
handovers. In [9], available bandwidth and monetary cost
were used as metrics for handover decisions. Cost-based
algorithms are usually complex as they require collect-
ing and normalization of different network metrics.
Other related works: An analytical framework to evaluate
vertical handover algorithms with new extensions for tra-
ditional hysteresis based and dwell timer-based algorithms
was proposed in [10]. Using probability approach, [7]
worked on the assessment of a Wrong Decision Prob-
ability (WDP), which assures a trade-off between net-
work performance maximization and mitigation of the
ping-pong effect. The proposed algorithm was able to
reduce the vertical handover frequency, thus minimizing
the unnecessary handovers and maximizing the through-
put by keeping the received bits as high as possible.
The focus of this paper is to introduce an amoebic based
geometric model that extends the ideal circular coverage
model employed in previous works. The work considers the
RSS-based dwell time approach. RSS-based algorithms are
easy to implement, however, these algorithms are seriously
limited by slow fading [8]. Slow fading can be caused by
events such as shadowing, where a large obstruction ob-
scures the main signal path between the transmitter and the
receiver. This paper presents a novel and realistic model that
depicts the actual behaviour of a WLAN coverage area, con-
sidering the effects of slow fading. The proposed model will
ensure an efficient minimization of the probability of unnec-
essary handover and handover failure for an MN traversing
a realistic WLAN cell from a 3G network by the following
factors:
– The WLAN cell shape is not exactly circular, but irreg-
ular.
– The cell shape changes with changes in nature of ob-
struction at different instances, humidity, temperature etc.
The remainder of this paper is organized as follows: Sec-
tion 2 describes the Amoebic Wireless Coverage Concept.
Section 3 presents the Geometric and Probabilistic analy-
sis of the proposed Amoebic-based dwell time model. The
Handover decision is specified in Section 4. Section 5 eval-
uates the performance of the proposed model and compares
the results with those of other approaches. Section 6 draws
conclusions.
2 Amoebic Wireless Coverage Concept
Both theoretical and empirical propagation models show that
average received signal power decreases logarithmically with
distance.1 There exist a number of factors, apart from the
1 PL(d)dB = P(transmitted)dB − P(received)dB = PL(d0) +
10β log(d/d0)+Rσ ,
frequency and the distance that influence losses encountered
by propagated signals from the AP to the MN. In order to ac-
curately model a wireless coverage area the factors that must
be considered are:
– the height of the MN antenna;
– the height of the AP relative to the surrounding terrain;
– the terrain irregularity (undulation or roughness);
– the land usage in the surroundings of MN: urban, subur-
ban, rural, open, etc.
Due to these effects the coverage region does not re-
main circular, but of an irregular shape and this shape also
changes with time — thus we called it amoebic shaped cov-
erage region. This paper presents an Amoebic WLAN cell
which gives a realistic representation of the wireless cov-
erage with a perspective of the shadowing concept. There
are three different rates of variation as wireless signals are
propagated away from the AP: we have (i) the very slow
variation, called path loss, which is a function of distance
between the AP and MN, (ii) slow variation, which results
from shadowing effects, and (iii) fast variation, due to mul-
tipath. Signal variations caused by multipath, in the case
where the direct signal is assumed to be totally blocked, are
usually represented by a Rayleigh distribution[14]. The slow
received signal variability due to shadowing is usually as-
sumed to follow a Gaussian distribution [14].
This paper considers the effect of the path loss and shad-
owing. The effect of multipath is neglected and is beyond the
scope of this work. Fig. 1 gives a clearer picture of the be-
havior of wireless signals in a coverage area with coverage
probabilities of 90%, 80% and 50%. When an MN moves
along contours as shown in Fig. 1 (b) and (c), it may observe
poor signal strength at some instants. These slow signal de-
viations due to shadowing follows a Gaussian distribution
and is given as
f (r) =
1
σ
√
2pi
exp
[−(r−µ)2
2σ2
]
(1)
Where µ is the mean value and σ2 is the variance of the
Gaussian random variable r.
Suppose, we have the radius of the WLAN cell which is
a continuous random variable R with PDF, f (r), as shown
in Equation (1) and we desire to evaluate the expectation
E[g(R)] for some function g(r). This entails evaluating the
integral,
E[g(R)] =
∫ ∞
−∞
f (r)g(r)dr (2)
Since the integral is not easily tractable by analytical or
standard numerical methods, the study approached it by sim-
ulating realizations of r1, r2, r3, . . . rn of R, and since the
Where Rσ is the Gaussian random variable with standard deviation, σ
and β is the path loss exponent.
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Fig. 1 (a) Coverage regions for 50%, 80% and 90%. (b) Received Signal Strength (RSS) while moving along the 50% contour. (c) RSS while
moving along the 80% contour.
variance is finite, we apply the law of large numbers to ob-
tain an approximation[14].
E[g(R)]∼ 1
n
n
∑
i=1
gi(r) (3)
The expression in Equation (3) gives justification for the
Monte-Carlo simulation carried out in the study.
3 Proposed Scheme
The work assumes that when an MN is in the coverage area
of it’s present access network, adjacent to a WLAN cell,2
it may enter the boundary area of the WLAN cell at any
point, PA and move along the path |PAPD|, making exit
from any point, PD on the coverage boundary (as shown
in Fig. 2). We further assume that the speed, v of the MN is
2 We present an amoebic based model that extends the ideal circle
model employed in previous works [1,2,3,4]
uniformly distributed in [vmin,vmax]. The cell radius is as-
sumed to be stochastic and normally (Gaussian) distributed
with defined mean and variance. The justification for having
a normal distribution can be given in terms of the Central
limit theorem3 [14], as the total attenuation experienced in
a wireless link results from the tallying of several individual
shadowing processes forming a Gaussian distribution.
The angle of arrival, ΘA and angle of departure, ΘD are
assumed to be uniformly distributed within the bound of Θ 4
and we express the angle between random positions of PA
and PD as Θ = |ΘD−ΘA|. A realistic coverage area of the
WLAN cell with an amoebic structure is considered in this
work. As there is only a possibility that the MN moves in
and out of the coverage area in any half section of Fig. 2, we
3 The central limit theorem states that given a distribution with
mean, µ and variance, σ2, the sampling distribution of the mean
approaches a Gaussian distribution with mean, µ and variance, σ
2
n ,
where n is the number of samples.
4 We considered [0,pi], while [0,2pi] [2] and [0,pi] [3] with angle
of arrival with respect to tangential line within [0, pi2 ] were considered
in previous works.
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Fig. 2 A mobile node entering an amoebic WLAN coverage area.
therefore derive an expression to calculate the probability
distribution function (PDF) of Θ . The PDF of the arrival
and departure of the MN from the WLAN coverage at point
PA and PD respectively is given by
fΘA(θA) =
{ 1
pi , 0≤ΘA ≤ pi,
0, Otherwise.
(4)
fΘD(θD) =
{ 1
pi , 0≤ΘD ≤ pi,
0, Otherwise.
(5)
Since the arrival and departure points of the mobile nodes
are independent, the Joint PDF is therefore given as product
of their individual marginal functions.
fΘA,ΘD(θA,θD) =
{ 1
pi2 , 0≤ΘA,ΘD ≤ pi,
0, Otherwise.
(6)
We find the cumulative distribution function (CDF) of Θ by
FΘ (θ) = P(Θ ≤ θ)
=
∫ ∫
ε
fΘA,ΘD(θA,θD)dΘDdΘA
(7)
Where ε is a set of arrival and departure points along
the coverage boundary for the MN such that 0 ≤ Θ ≤ pi .
P(Θ ≤ θ) = 0 for θ < 0 and P(Θ ≤ θ) = 1 for θ > pi [2].
From Fig. 2, Equation (7) can be expressed as
FΘ (θ) =
1
pi2
(∫ θ
0
∫ θ+θD
0
dΘDdΘA+
∫ pi−θ
θ
∫ θD+θ
θD−θ
dΘDdΘA
+
∫ pi
pi−θ
∫ pi
θD−θ
dΘDdΘA
)
(8)
The final expression of CDF is obtained as:
FΘ (θ) =
(2pi−θ)θ
pi2
,0≤Θ ≤ pi (9)
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The corresponding PDF of Θ is given by:
fΘ (θ) =
{
2(pi−θ)
pi2 , 0≤Θ ≤ pi,
0, Otherwise.
(10)
We can now use the PDF of Θ to compute the PDF of the
traversing time by the MN, tWLAN . Using the Cosine for-
mula, we formulate a geometric expression of the traversing
distance, D from Fig. 2
D=
√
r21 + r
2
2−2r1r2 cosθ (11)
The traversal distance through the WLAN cell, D depends
on the traversing angle θ .
tWLAN = g(θ)
=
√
r21 + r
2
2−2r1r2 cosθ
v
(12)
Where, r1 and r2 are the distances of the MN from the access
point at the time of entry and exit from the coverage region
respectively.
The PDF of the traversing time can thus be expressed as
[12]
F(T ) =
n
∑
i=1
∣∣∣∣ f (θi)g′(θi)
∣∣∣∣
θi=g−1(T )
(13)
Where θ is the root of function g(θ), and g′(θ) is the
derivative of g(θ).
θ = arccos
( r21 + r22− t2WLANv2
2r1r2
)
(14)
We have the derivative of g(θ) as
g′(θ) =
r1r2 sinθ
v
√
r21 + r
2
2−2r1r2 cosθ
(15)
Thus, substituting the Equation (14) into (15) to get,
g′(θ) =
r1r2 sin
[
arccos
(
r21+r
2
2−t2WLANv2
2r1r2
)]
v
√
r21 + r
2
2−2r1r2 cos
[
arccos
(
r21+r
2
2−t2WLANv2
2r1r2
)]
=
√
4r21r
2
2− (r21 + r22− t2WLANv2)2
2tWLANv2
(16)
To obtain the PDF at θ , we substitute Equation (14) into
(10),
f (θ) =
2
[
pi− arccos( r21+r22−t2WLANv22r1r2 )
]
pi2
(17)
Thus, from Equations (16) and (17), we can now obtain the
PDF of the traversal time, f (T ), using Equation (13),
f (T ) =
4v2tWLAN
(
pi− arccos( r21+r22−t2WLANv22r1r2 )
)
pi2
√
4r21r
2
2− (r21 + r22− t2WLANv2)2
(18)
4 Handover Decisions
To have unnecessary handover and handover failure within
satisfactory bounds, it is imperative to find two time thresh-
old values, N and M, which correspond to the values for
handover decision for unnecessary handover and handover
failure respectively. In order to keep the unnecessary han-
dover and handover failure within bounds the handover will
only be initiated if the expected traversal time through the
WLAN cell exceeds the corresponding threshold value.
4.1 Probability of Unnecessary Handover
This paper attempts to minimize the number of unnecessary
handovers. This is achieved by calculating the time thresh-
old value, N, and avoiding handover attempts for which the
traversal time through the target network is less than this
threshold value. An unnecessary handover is said to occur
when the traversing time of an MN in a WLAN cell is smaller
than the sum of the handover time into (τA) and out of
(τD) the WLAN coverage area [3]. We now use the PDF
of traversal time obtained in Equation (18) to derive an ex-
pression for the CDF of the traversal time, Pu. This is shown
in Equation (21),
Pu =
{
Pr[N < T ≤ τT ], 0≤ T ≤ (r1+r2)v ,
0, Otherwise.
(19)
Pr[N < T ≤ τT ] =
∫ τT
N
f (T )dt (20)
Where τT = τA+ τD. The probability of unnecessary han-
dover, Pu, is expressed as,
Pu =
[
2pi− arccos( r21+r22−τ2T v22r1r2 )
]
arccos
(
r21+r
2
2−τ2T v2
2r1r2
)
pi2
−
[
2pi− arccos( r21+r22−N2v22r1r2 )
]
arccos
(
r21+r
2
2−N2v2
2r1r2
)
pi2
(21)
Let z = arccos
(
r21+r
2
2−τ2T v2
2r1r2
)
. We obtain the following ex-
pression for N, which is a function of handover latency,
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velocity, stochastic coverage radius and probability of un-
necessary handover.
N =
√
r21 + r
2
2−2r1r2 cos(y)
v
(22)
Where,
y= pi±
√
pi2(1+Pu)−2piz+ z2 (23)
We have obtained a new expression for time threshold N
for unnecessary handover5.
4.2 Probability of Handover Failure
Handover failure is said to occur if the handover time into
(τA) the WLAN cell exceeds the overall time spent by the
MN in the WLAN coverage area [3]. A time threshold, M,
is determined and the probability of handover failure is kept
within desirable bounds.
Pf =
{
Pr[M < T ≤ τA], 0≤ T ≤ (r1+r2)v ,
0, Otherwise.
(24)
Pr[M < T ≤ τA] =
∫ τA
M
f (T )dt (25)
The probability of handover failure, Pf , is expressed as,
Pf =
[
2pi− arccos( r21+r22−τ2Av22r1r2 )
]
arccos
(
r21+r
2
2−τ2Av2
2r1r2
)
pi2
−
[
2pi− arccos( r21+r22−M2v22r1r2 )
]
arccos
(
r21+r
2
2−M2v2
2r1r2
)
pi2
(26)
Hence, we have also obtained a new expression for time
threshold M, for handover failure control.
M =
√
r21 + r
2
2−2r1r2 cos(q)
v
(27)
Where,
q= pi±
√
pi2(1+Pf )−2piz+ z2 (28)
5 Yan et al.[2] arrived at a time threshold, tWLAN =
2R
v sin
(
arcsin( vτ2R − pi2 P)
)
,
and Hussain et al.[3] arrived at, tWLAN = 2Rk
v
√
1+k2
, where
k = tan
[
arctan( vτ√
4R2−v2τ2
)− Ppi2
]
5 Results
To evaluate our proposed model, we performed Monte-Carlo
simulations with about 10 million iterations using MATLAB
in order to ensure accurate performance. For validation pur-
pose, we also simulated the performance of our proposed
model alongside that of other state-of-the-art time predic-
tion vertical handover schemes. Fig. 3 and 4 show the plots
of Probability of Unnecessary Handover, Pu and Probabil-
ity of Handover Failure, Pf against the Velocity of MN, v.
The threshold values (M and N) obtained in Equations (22
and 27), the transversal angle, θ within [0,pi] bound, dwell
time, T obtained in Equations (12) were used in the exper-
iments. From the graphs, we observe that as the velocity of
the MN increases, the probability of unnecessary handover
and handover failure increases and deviates from the de-
signed level. This implies that speed has an impact on the
prediction of threshold values, which are obtained using this
probabilistic model. This deviation in probabilities of han-
dover failure and unnecessary handover are in compliance
with the earlier existing works [1,2,3,4].
Results show that the proposed model performs closely
to the Linear approximation method employed in [1] which
considered a circular coverage cell. Our work out-performed
results of Yan et al [2], which considered a [0,2pi] bound,
but under-performed when compared to the work of Hus-
sain et al. [3], which also considered the angle of arrival and
departure to lie between [0,pi]. However, this model[3] is
not only unrealistic but also impractical as it requires pre-
cise information (on the tangential angle of arrival of the
MN which is uniformly distributed between [0, pi2 ]) from
the system. Despite the performance limitations, our work
considered the effect of slow fading and presents a realis-
tic depiction of the WLAN coverage area with the view that
the wireless environment is a stochastic one with numerous
uncertainties, the proposed model gives a more accurate pre-
diction than previous works in literature.
6 Conclusion and Future work
This paper has presented new models for realistic renderings
of the WLAN coverage area. The geometric-based model
for HNE in this paper combines and extends theoretical re-
sults from previous mathematical analysis conducted by sev-
eral researchers. The resulting model is probabilistic and
based on various network parameters which include the ran-
dom varying cell radius, the traverse angle, θ , the velocity
of the MN. This model is also unique in the sense that it can
simulate different coverage scenarios with respect to dwell
time of the MN in the WLAN cell. As all parameters of the
models were derived from extensive geometric and proba-
bility analysis, they correctly simulate the actual behavior
of the MN traversing a WLAN coverage area. From results
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Fig. 3 Plot of Probability of Unnecessary Handover vs Velocity of MN.
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Fig. 4 Plot of Probability of Handover Failure vs Velocity of MN.
obtained, we arrive at the conclusion that slow fading (shad-
owing) has minimal effect on vertical handover models. Our
future work will consider the effects of fast fading due to
multi-path.
The models presented were validated by comparing sim-
ulated results with works of other researchers under simi-
lar conditions. The quality of these simulations qualitatively
matched the actual behaviors of MN traversing a realistic
WLAN cell. To the best of our knowledge, this is the first
geometric-based model that considers an amoebic cell struc-
ture, i.e. an irregular shaped with probabilistic coverage bound-
ary, for simulating the probability of handover. The model
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was successful in minimizing Probability of Unnecessary
Handover, Pu and Probability of Handover Failure, Pf . These
geometric-based models for HNE are also the first model of
its kind in the existing literatures.
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